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Abstract
Rondônia is the only state in the North Region of Brazil to have registered confirmed 
cases of Brazilian Spotted Fever (BSF). The present study investigated the epidemiologi-
cal cycle of Rickettsia spp. by surveying free-living ixodofauna and tick parasitism of dogs 
in the municipality of Porto Velho, Rondônia State. Ticks and dogs were tested for the 
presence of Rickettsia spp. DNA and dog serum was tested for reactivity to anti-Rickettsia 
spp. antibodies. Tick collection and dog blood sampling were performed in peri-urban and 
rural environments at 11 locations. Eight free-living Amblyomma species and one Haema-
physalis species were collected: A. scalpturatum, A. naponense, A. oblongoguttatum, A. 
coelebs, A. latepunctatum, A. pacae, A. ovale, Amblyomma sp., and H. juxtakochi. Three 
tick species were found parasitizing dogs: Rhipicephalus sanguineus sensu lato, A. oblon-
goguttatum and A. ovale. Molecular analysis did not identify the presence of the gltA gene 
fragment in any tick specimen. Results from an indirect immunofluorescent assay (IFA) 
showed that 20.8% of peri-urban and 15.4% of rural dog sera exhibited reactivity to Rick-
ettsia rhipicephali, Rickettsia amblyommatis, Rickettsia bellii and Rickettsia parkeri anti-
gens. Antibody prevalence in dogs was 16.4%. This study is the first to describe the prev-
alence of Rickettsia spp. infection in dogs from Porto Velho municipality. Our findings 
enhance current knowledge of Rickettsia spp. circulation in the Western Amazon.
Keywords Rickettsiosis · Amblyomma spp. · Amazon rainforest · IFA · Sentinel hosts
Introduction
Ticks are competent vectors of etiological agents that are pathogenic to humans and ani-
mals (Estrada-Peña and Jongejan 1999; Anderson and Magnarelli 2008). Two forms of 
rickettsiosis are of utmost importance in Brazil: Brazilian Spotted Fever (BSF), which 
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is caused by Rickettsia rickettsii and transmitted by Amblyomma sculptum Berlese and 
Amblyomma aureolatum Pallas ticks, and Rickettsia parkeri Atlantic rainforest strain Spot-
ted Fever (RPSF), which is caused by R. parkeri Atlantic rainforest strain and transmitted 
by Amblyomma ovale Koch ticks (Labruna 2009; Szabó et al. 2013a).
Rondônia State is covered primarily by Amazon rainforest and is home to a great diver-
sity of tick species, the most prevalent being ticks of the Amblyomma genus (Martins et al. 
2014). There is some evidence that rickettsial DNA is present in ticks of this biome. Tick-
associated Rickettsia has been documented more often in Rondônia than in any other Ama-
zonian state: Rickettsia amblyommatis associated to Amblyomma cajennense Fabricius, 
Amblyomma coelebs Neumann and Amblyomma oblongoguttatum Koch (Labruna et  al. 
2004a; Aguirre et al. 2018), Rickettsia rhipicephali to Haemaphysalis juxtakochi Cooley 
(Labruna et  al. 2005a), and R. amblyommatis strain Aranha to Amblyomma longirostre 
Koch (Labruna et  al. 2004b), belonging to the spotted fever group (SFG), and Rickett-
sia bellii found infecting Amblyomma humerale Koch, A. oblongoguttatum, A. ovale and 
Amblyomma rotundatum Koch (Labruna et al. 2005a). It is important to point out that none 
of the Rickettsia spp. mentioned above have been confirmed to be pathogenic to humans.
According to Brazil’s Information System for Notifiable Diseases (Datasus 2021), five 
cases of BSF have been confirmed in the North Region of Brazil, all in Rondônia State, but 
only one has been published in the literature (Oliveira et al. 2016). However, none of the 
reported cases specified which Rickettsia species were the causative agent.
Horses are the most suitable sentinel hosts in BSF-endemic areas. Amblyomma sculp-
tum is the predominant tick in these areas because horses are its primary host. Horses suf-
fer more exposure to tick vectors in endemic areas and they exhibit higher serological prev-
alence of anti-Rickettsia spp. antibodies than do other animals (Lemos et al. 1996; Ueno 
et al. 2016).
Dogs play an important role in the transmission of ectoparasites and associated patho-
gens by acting as a bridge between natural and anthropic environments (Estrada-Pena and 
Jongejan 1999). Moreover, dogs are considered sentinel and amplifier hosts for R. rickettsii 
in endemic areas where A. aureolatum is the most prevalent tick, and A. aureolatum may 
also be an amplifier host for R. parkeri (Demma et al. 2005; Piranda et al. 2011; Grasperge 
et  al. 2012; Lado et  al. 2015). Dogs are the most suitable sentinel hosts for A. aureola-
tum because they are its primary host and they exhibit the highest serological prevalence 
of anti-Rickettsia spp. antibodies in endemic areas (Moraes-Filho et al. 2009; Pinter et al. 
2008).
Understanding how dogs and ticks are associated to Rickettsia spp. is of great impor-
tance to public health (Silva et al. 2017; Vieira et al. 2018). Amblyomma ticks are known 
to parasitize dogs and Rhipicephalus sanguineus sensu lato (s.l.) Latreille (brown dog tick) 
has been incriminated as a vector of R. rickettsii in other countries (Demma et al. 2005). 
Serological evidence suggests that R. amblyommatis, R. parkeri and R. rhipicephali may 
occur in dogs in Rondônia State, especially in rural areas (Labruna et al. 2007). In the pre-
sent study, dogs were treated as suitable sentinel hosts for the study region because dogs 
are known to be accidental hosts for ticks commonly found in the Amazon (Labruna et al. 
2005b), which is considered a quiet region of Brazil (Oliveira et al. 2016).
The presence of known etiologic agents of rickettsiosis (R. rickettsii and R. parkeri) has 
not been confirmed in the North Region, and evidence of tick vectors is lacking in some 
municipalities where confirmed cases of BSF have occurred (Alvorada d’Oeste, Porto 
Velho and Rolim de Moura). It is possible that ticks considered to be non-vector species 
may in fact be acting as vectors in this region (Labruna et al. 2005b). The present study 
aimed to describe free-living tick fauna and its association to dogs by testing ticks and dogs 
Experimental and Applied Acarology 
1 3
for the presence of rickettsial DNA and by assessing the prevalence of anti-Rickettsia spp. 
antibodies in dog sera collected in Porto Velho, Rondônia, Brazil.
Materials and methods
Study area and tick collection
This study was conducted in Porto Velho municipality (8°45′0.43″S, 63°54′0.14″W), 
Rondônia State, North Region, Brazil. The tick collections and dog blood samples were 
obtained between July 2017 and January 2018. Free-living tick collections were performed 
once monthly, for a total of six collections at each site. Tick collections and blood samples 
were taken at the same time, once from each dog, at the location described. According to 
the Köppen and Geiger (1928) climate classification, Porto Velho municipality has a tropi-
cal monsoon climate (Am) and is covered primarily by open ombrophilous forest (IBGE 
2012).
Tick collection and dog blood sampling was performed in five peri-urban areas and 
five rural areas, and at a non-governmental organization (NGO) dog shelter (Associação 
Protetora dos Animais Desamparados—Amigos de Patas) which houses stray and aban-
doned dogs from all over Porto Velho (Fig. 1). Rural zones were defined as areas more than 
10 km distant from the urban perimeter, as proposed by Costa et al. (2017). The points of 
tick collections in both peri-urban and rural areas were chosen based on the following cri-
teria: presence of forest fragments where there was evidence of animal trails, water sources 
(streams and lakes) and close proximity to human and animal shelters (anthropic activity).
Free-living ticks were collected using drag flagging and visual inspection tech-
niques (Oliveira et  al. 2000) in forest fragments where wild animal trails were in evi-
dence and water sources (streams and lakes) were close at hand. The ticks were stored 
alive in plastic flasks and taken to an incubator with controlled environmental conditions: 
Fig. 1  Distribution of the peri-urban and rural sites, and location of the NGO ‘Amigos de Patas’ in Porto 
Velho municipality, Rondônia State, Brazil
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23–28 °C, > 90% humidity and L12:D12 photocycle. The tick collections were performed 
monthly for 6 months to verify whether or not tick species diversity changes during the 
transition between dry–wet seasons. Tick collection from dogs were performed only once 
because the number of dogs at each collection site was limited, and because we decided to 
not restrain the dogs more than once. Consequently, dogs were examined for the presence 
of tick fauna and for serological evidence of infection by Rickettsia spp., without regard for 
the impact of seasonal changes.
All collections were made in the vicinity of human dwellings and domestic animal 
enclosures (anthropized areas). Tick collection from dogs was performed by visual inspec-
tion and manual detachment using traction and torsion. Adult and nymph Amblyomma 
specimens were identified down to the species level, based on the taxonomic keys of Ono-
frio et  al. (2006) and Martins et  al. (2010), respectively; the Haemaphysalis ticks were 
identified down to genus level for nymphs and species level for adults (Dantas-Torres et al. 
2019). Nymphs were stored in microtubes containing up to 10 specimens per tube, and 
adults were stored individually. Samples were preserved in isopropyl alcohol at −20  °C 
until DNA extraction and polymerase chain reaction (PCR) was performed. No larva was 
analyzed in this study because no larvae were found in the environment or on dogs.
The tick collections were authorized under SISBIO license protocol number 63827-1.
Dog blood and tick sampling
The number of dogs studied was determined based on the estimated population of dogs in 
Porto Velho municipality—which is 10% of the human population (Porto Velho: 511,219 
inhabitants) (IBGE 2018)—in conjunction with the estimated prevalence of seropositivity 
to Rickettsia spp. (Labruna et al. 2007; Costa et al. 2017). The number was calculated with 
a confidence level of 95% and a margin of error of 5% using ‘Epitools epidemiological 
calculators—Sample size to estimate a proportion or apparent prevalence with specified 
precision’ (http:// epito ols. ausvet. com. au/). Thus, the minimal number of dogs necessary to 
estimate the prevalence of seropositivity to Rickettsia spp. was calculated to be 139 indi-
viduals. Only healthy and non-pregnant dogs were chosen for collections.
Dogs were physically restrained and muzzled during blood sampling. The blood was 
collected by puncturing the cephalic vein (22G needle coupled to a 5 mL syringe). The 
gender of the dogs was not recorded because it was not relevant to the objectives of this 
study. Immediately following blood draw, samples from each dog were transferred to two 
vacuum tubes, one containing no reagent and one containing the anticoagulant EDTA. To 
separate serum from the blood cells, blood samples were stored in tubes with no reagent 
for 12 h at 4 ºC and then centrifuged at 2000×g for 5 min. Samples were properly identi-
fied and stored at − 20 °C prior to DNA extraction from whole blood and serological test-
ing with serum. Dogs were inspected for presence of ticks at the same time as the blood 
collections. Only partial and fully engorged ticks were collected. The collected ticks were 
stored in plastic tubes containing absolute isopropanol, and stored at − 16 °C until identifi-
cation and DNA extraction. Tick collections from dogs were performed only once because 
the main objective was to assess the prevalence of seropositivity to Rickettsia spp. among 
dogs. The impact of seasonality among tick-associated dogs was not a concern, therefore 
the number of dogs examined was based on the estimated prevalence of seropositivity to 
Rickettsia spp. Ticks were collected from dogs solely to evaluate the incidence of ticks 
parasitizing dogs at the time of blood collection. All procedures involving animals were 
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approved by the Ethical Committee of Animal Use of Fiocruz Rondônia (CEUA/Fiocruz-
RO) under protocol number 2016/06.
Molecular detection of Rickettsia spp. DNA
Tick DNA extraction was based on the guanidine isothiocyanate-phenol technique, as pre-
viously described by Sangioni et al. (2005). DNA was extracted from dog blood using the 
GenomicPrep Mini Spin Kit (GE Healthcare). DNA samples were subjected to PCR using 
primers CS-78 (5′ GCA AGT ATC GGT GAG GAT GTAAT 3′) and CS-323 (5′ GCT TCC 
TTA AAA TTC AAT AAA TCA GGAT 3′) to amplify the 401-base pair (bp) fragment of the 
citrate synthase (gltA) gene, which is present in all species of the Rickettsia genus (Labruna 
et al. 2004c). In addition, we used primers to amplify the tick ITS-2 gene fragment (ITS-
2F-5′-CGG ATC ACA TAT CAA GAG AG-3′ and ITS-2R-5′-CCC AAC TGG AGT GGC CCA 
GTTT-3′) to validate the assays and ensure the DNA quality.
Indirect immunofluorescence assay (IFA)
Dog serum was subjected to indirect immunofluorescence assay (IFA) to test reactiv-
ity against five Rickettsia species found in Brazil: R. rickettsii strain Taiaçu, R. parkeri 
strain At24, R. amblyommatis strain Ac37, R. rhipicephali strain HJ5, and R. bellii strain 
Mogi. Bacteria from Rickettsia spp. cell cultures was fixed on IFA glass blades, according 
to Labruna et al. (2007). Dog serum was diluted to 1:64 in phosphate saline buffer pH 7.4 
(PBS-0.0084 M  Na2HPO4, 0.0018 M  NaH2PO4 and 0.147 M NaCl), applied to the Rick-
ettsia-fixed blades, and incubated at 37 °C for 30 min in a humid chamber. Samples were 
considered positive after successive dilution using a dilution ratio of two to obtain the final 
titer. Reactions were considered homologous to a specific Rickettsia sp. when the titer was 
at least four times higher for that species than for any other species (Piranda et al. 2008). 
Serum from a confirmed seropositive dog, infected with R. parkeri, was used as positive 
control, and serum from a healthy dog was used as negative control; both sera were tested 
in a previous study (Szabó et al. 2013b).
Data analysis
Interpolation and extrapolation curves based on Hill’s effective numbers were used to 
compare species richness and assess sample completeness for each environment. The Hill 
numbers express the relationship between species richness and relative abundance as a set 
of diversity numbers of different orders, in this case: order 0 (number of different spe-
cies), 1 (Shannon index) and 2 (Simpson index) (Chao et al. 2014; Hsieh et al. 2016). Spe-
cies composition in distinct environments was compared via a permutational multivariate 
analysis of variance (PERMANOVA) applied on a Bray–Curtis distance matrix calculated 
on double square root transformed data (Anderson 2001; Anderson and Walsh 2013). All 
data were analyzed in the statistical environment R (R Development Core Team 2018) 
using functions from the tidyverse package (Wickham 2017) and iNEXT (Chao et al. 2014; 
Hsieh et al. 2016).
The estimated minimal infection rate for ticks with Rickettsia spp. was calculated as the 
total number of positive nymph pools plus positive individual adults, divided by the total 
number of examined ticks, multiplied by 100 (Burket et al. 1998).
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The serological prevalence of anti-Rickettsia spp. antibodies was calculated as the num-
ber of seropositive individuals divided by the total number of examined individuals, multi-
plied by 100 (Margolis et al. 1982).
Results
Free‑living ticks
In total, 910 tick specimens were collected (625 nymphs and 285 adults, i.e., 149 males 
and 136 females), of which nine species and two genera (Amblyomma and Haemaphysalis) 
were identified, with a sample completeness of 99% in both areas (Fig. 2). No free-living 
larvae were collected in this study. The tick species found here were Amblyomma scalp-
turatum Neuman (n = 301, 33%), followed by Amblyomma naponense Packard (n = 244, 
27%), A. coelebs (n = 210, 23%), and A. oblongoguttatum (n = 117, 13%), Amblyomma sp. 
(n = 12, 1.3%), Amblyomma latepunctatum Neumann (n = 10, 1.1%), Haemaphysalis sp. 
(n = 9, 1%), Amblyomma pacae Aragão (n = 5, 0.5%) and A. ovale (n = 2, 0.2%) (Fig. 3a). 
The proportion of nymphs to the total of collected ticks (nymphs/total ticks × 100) for each 
species was: 100% for A. ovale and A. pacae (only nymphs), 99% for A. coelebs, 92% for 
Amblyomma sp., 89% for Haemaphysalis sp., 78% for A. oblongoguttatum, 70% for A. 
latepunctatum, 57% for A. naponense and 54% for A. scalpturatum (Fig. 3b).
Rural areas exhibited a higher index of species richness and a higher abundance of ticks 
than peri-urban areas for both common and rare species (85% of all free-living ticks were 
collected in rural areas) (Table 2). The effective index of species based on Hill’s numbers 
stated that the rural areas had a Shannon index (H′) of 4.65, corresponding to the number 
of rare species, and a Simpson index (1/D) of 4.15, which is the number of common spe-
cies. The urban areas had an index of 3.5 rare species (H′) and 2.45 common species (1/D) 
(Table 1). A total of 762 ticks were collected in rural areas: 212 A. scalpturatum, 208 A. 
naponense, 199 A. coelebs, 111 A. oblongoguttatum, nine A. latepunctatum, nine Haema-
physalis sp., eight Amblyomma sp., four A. pacae and two A. ovale. Only four ticks could 
not be identified at the species level (Table  2). Species distribution was similar in both 
environments. In total, 148 specimens were collected in peri-urban areas: 89 A. scalptura-
tum, 36 A. naponense, 11 A. coelebs, six A. oblongoguttatum, four Amblyomma sp., one A. 
latepunctatum and one A. pacae (Table 3).
Fig. 2  Sample completeness in 
peri-urban and rural areas of 
Porto Velho municipality, Ron-
dônia State, Brazil
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There was no statistical difference in species composition between rural and peri-urban 
environments (Permanova pseudo-F = 1.32, p = 0.32). Results were similar when com-
paring only adults (Permanova pseudo-F = 1.18, p = 0.45) and only nymphs (Permanova 
pseudo-F = 1.34, p = 0.33).
Table 2  Free-living and dog-related ticks species collected between August 2017 and January 2018 at 10 
sites (five per environment) in peri-urban (PU) and rural (R) areas of Porto Velho municipality, Rondônia 
State, Brazil, and number of pools/samples processed for molecular detection of Rickettsia spp





Peri-urban (PU) environment Amblyomma scalpturatum 58 (6) 11 20 89
A. naponense 13 (2) 10 13 36
A. coelebs 11 (1) – – 11
A. oblongoguttatum 5 (1) 1 – 6
A. latepunctatum 1 (1) - – 1
A. pacae – 1 – 1
Amblyomma spp. 4 (1) – – 4
Total PU environment 92 (12) 23 33 148
Rural (R) environment A. scalpturatum 104 (11) 45 63 212
A. naponense 126 (13) 49 33 208
A. coelebs 196 (20) 2 1 199
A. oblongoguttatum 86 (9) 14 11 111
A. latepunctatum 6 (1) 1 2 9
A. pacae – – 4 4
A. ovale – 1 1 2
Amblyomma spp. 7 (1) 1 – 8
Haemaphysalis spp. 8 (1) – 1 9
Total R environment 533 (56) 113 116 762
PU dogs Rhipicephalus sanguineus s.l 2 (1) 53 27 82
A. ovale – 2 1 3
R dogs R. sanguineus s.l 6 (1) 17 26 49
A. oblongoguttatum – 2 6 8
Total 633 (70) 210 209 1052
Table 1  Diversity estimates for tick fauna collected from peri-urban and rural areas of Porto Velho munici-
pality, Rondônia State, Brazil
95% CI 95% confidence interval
Index Rural Peri-urban
Observed Estimated 95% CI Observed Estimated 95% CI
Richness 9.0 9.0 9.0–9.90 8.0 8.5 8.05–16.10
Shannon 4.65 4.65 4.65–4.90 3.40 3.50 3.40–4.10
Simpson 4.15 4.15 4.15–4.30 2.45 2.45 2.45–2.90
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Table 3  Total number of dogs parasitized by ticks and total number of ticks collected from dogs between 
August 2017 and January 2018 in peri-urban (PU1-5) and rural (R1-5) areas of Porto Velho municipality, 
Rondônia State, Brazil







Peri-urban PU1 Dogs (%) 9 (25.7) – – 9 (25.7)
N – – – –
A (F/M) 34 (24/10) – – 34 (24/10)
PU2 Dogs (%) 4 (11.4) – – 4 (11.4)
N – – – –
A (F/M) 4 (1/3) – – 4 (1/3)
PU3 Dogs (%) 4 (11.4) – 2 (5.7) 6 (17.1)
N – – – –
A (F/M) 10 (7/3) – 3 (2/1) 13 (9/4)
PU4 Dogs (%) 12 (34.3) – – 12 (34.3)
N 2 – – 2
A (F/M) 17 (10/7) – – 17 (10/7)
PU5 Dogs (%) 4 (11.4) – – 4 (11.4)
N – – – –
A (F/M) 15 (11/4) – – 15 (11/4)
Total PU Dogs (%) 33 (94.3) – 2 (5.7) 35 (100)
N 2 – – 2
A (F/M) 80 (53/27) – 3 (2/1) 83 (55/28)
Rural R1 Dogs (%) 6 (31.6) – – 6 (31.6)
N – – – –
A (F/M) 9 (4/5) – – 9 (4/5)
R2 Dogs (%) – – – –
N – – – –
A (F/M) – – – –
R3 Dogs (%) 2 (10.5) 1 (5.3) – 3 (15.8)
N – – – –
A (F/M) 2 (1/1) 1 (0/1) – 3 (1/2)
R4 Dogs (%) 8 (42.1) 4 (21.1) – 9 (47.4)
N 1 – – 1
A (F/M) 30 (11/19) 6 (2/4) – 36 (13/23)
R5 Dogs (%) 1 (5.3) 1 (5.3) – 1 (5.3)
N 5 – – 5
A (F/M) 2 (1/1) 1 (0/1) – 3 (1/2)
Total R Dogs (%) 17 (89.5) 6 (31.6) – 19 (100)
N 6 – – 6
A (F/M) 43 (17/26) 8 (2/6) – 51 (19/32)
Total number of ticks (%) 131 (92.3) 8 (5.6) 3 (2.1) 142 (100)
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Ticks parasitizing dogs
A total of 190 dogs were examined for ticks (97 from peri-urban areas, 77 from rural areas, 
and 16 from the ‘Amigos de Patas’ dog shelter). In total, 54 dogs (28.4%) were found with 
attached ticks: 50 with R. sanguineus s.l. (92.6%), six with A. oblongoguttatum (11.1%) 
and two with A. ovale (3.7%). Four dogs had mixed infestations of R. sanguineus s.l. and 
A. oblongoguttatum (Table 3). Ticks were found on 36.1% of peri-urban dogs, 24.7% of 
rural dogs and no dogs from NGO presented ticks. Rhipicephalus sanguineus s.l. (brown 
dog tick) was the most abundant species; it was found on 26.3% of examined dogs (22.1% 
of rural dogs and 34% of peri-urban dogs). The other tick species found on dogs were A. 
oblongoguttatum (3.2% of dogs) and A. ovale (1.1% of dogs). Amblyomma ovale was found 
on 2.1% of peri-urban dogs, and A. oblongoguttatum was found on 7.8% of rural dogs.
Tick collection data is detailed in Table 3. Percentage values for dogs were calculated 
as the total number of dogs with ticks from each collection site divided by the total number 
of dogs found with ticks from peri-urban or rural areas. Percentage values for ticks were 
calculated as the total number of ticks from each tick species divided by the total number 
of ticks collected from all examined dogs. Tick collection data from the ‘Amigos de Patas’ 
dog shelter has been excluded because no attached ticks were found at this site.
Rickettsia spp. DNA detection
DNA was extracted from all collected ticks and from 171 samples of dog blood and PCR 
targeting the gltA gene fragment was performed: a total of 1052 specimens (both free-liv-
ing and parasitic) comprised of 633 nymphs (70 pools of up to 10 individuals per pool), 
419 adults (individuals). Notwithstanding, no amplification was detected.
Anti‑Rickettsia spp. antibody detection
Within the 190 tick-collected dogs, IFA was performed on 171 samples of dog serum, 
which have the blood collected, from peri-urban areas (77), rural areas (78), and the 
‘Amigo de Patas’ dog shelter (16). Serum from 16/77 (21%) peri-urban dogs and 12/78 
(15.4%) rural dogs exhibited reactivity to R. rhipicephali, R. amblyommatis, R. bellii or R. 
parkeri. Titrations varied from 1:64 to 1:1024. The total prevalence of anti-Rickettsia spp. 
antibodies was 16.4% (28/171). Among the serum-reactive dogs, the prevalence of anti-
Rickettsia spp. antibodies was 58.6% for R. bellii, 27.6% for R. amblyommatis, 10.3% for 
R. rhipicephali and 3.4% for R. parkeri. No dog from the ‘Amigo de Patas’ dog shelter was 
serum-reactive (Table 4).
Discussion
Amblyomma scalpturatum was the most abundant tick species in both peri-urban and rural 
environments. In Brazil, the geographic distribution of this species extends from the north-
ern states of Acre, Amazonas, Pará, Roraima and Rondônia, through the middle western 
states of Mato Grosso and Mato Grosso do Sul, to the southern state of Paraná (Pereira 
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Table 4  Indirect immunofluorescence assay (IFA) titers for dog sera exhibiting reactivity to five Rickettsia 
species from peri-urban (PU1-5) and rural (R1-5) areas of Porto Velho municipality, Rondônia State, Brazil
ID identification number of each serum sample, PAIHR possible antigen involved in the homologous reac-
tion













PU1 4/15 (26.7) 2 – – – – 512 R. bellii
3 – – – – 512 R. bellii
5 – – 512 – R. ambly-
ommatis
12 – – – – 256 R. bellii
PU2 2/16 (12.5) 48 – – – – 128 R. bellii
54 – – 128 – – R. ambly-
ommatis
PU3 4/16 (25.0) 16 – – 256 – – R. ambly-
ommatis
20 – – 128 – – R. ambly-
ommatis
21 – – 64 – – –
27 – – – 64 – –
PU4 2/15 (13.3) 33 – – – – 256 R. bellii
39 – – – – 256 R. bellii
PU5 4/16 (25.0) 62 – – 64 – – –
65 – 64 – 64 – –
70 – – – – 128 R. bellii
77 – – – – 1024 R. bellii
R1 3/15 (20.0) 100 – – – – 64 –
101 – – 256 – – R. ambly-
ommatis
107 – – – – 512 R. bellii
R2 0/15 (0.0) – – – – – – –
R3 5/16 (31.3) 78 – – – – 64 –
83 – – – – 512 R. bellii
85 – – 64 – – –
86 – – – – 512 R. bellii
94 – – – – 1024 R. bellii
R4 2/15 (13.3) 117 – – – – 1024 R. bellii
121 – – – – 1024 R. bellii
R5 2/16 (12.5) 138 – – – – 1024 R. bellii
139 – – – 128 256 –
NGO 0/16 (0.0) – – – – – – –
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et al. 2000; Labruna et al. 2005c; Onofrio et al. 2006, 2010; Lima et al. 2018; Aguirre et al. 
2019).
Amblyomma scalpturatum has a preference for tapirs (Tapirus terrestris) and wild suid 
(Suidae), but its parasitism is distributed evenly among other animals, such as anteaters 
(Myrmecophaga tridactyla) and domestic dogs. Immature stages of this species can also 
parasitize humans (Labruna et al. 2005b; Aguirre et al. 2019). These results may be con-
tingent upon the fact that the study was conducted near regions of human activity and that 
the wild hosts happened to be present in those regions. Amblyomma scalpturatum has been 
associated to R. bellii, which is not pathogenic to humans or domestic animals (Labruna 
et al. 2004b; Silva et al. 2016). The first record of an A. scalpturatum tick infected with a 
SFG Rickettsia was published recently, in an Amazon region of the state of Mato Grosso 
(Colle et al. 2020). Future studies will need to investigate A. scalpturatum’s role as a reser-
voir for SFG Rickettsia, given that A. scalpturatum comes in frequent contact with humans, 
its immature stages exhibit low specificity for hosts, and it occurs in high abundance in the 
Amazon (Labruna et al. 2005c).
Three other tick species were abundant in rural environments: A. coelebs, A. naponense 
and A. oblongoguttatum. Both A. coelebs and A. oblongoguttatum are considered putative 
vectors of infectious agents, such as R. amblyommatis which belongs to the SFG (Labruna 
et  al. 2004b; Aguirre et  al. 2018). Serological evidence from patients diagnosed with 
Rocky Mountain Spotted Fever (RMSF) in the USA suggests that R. amblyommatis may be 
pathogenic to humans (Apperson et al. 2008).
Eight specimens of Haemaphysalis sp. and one male of H. juxtakochi were collected. 
This is the only species of the Haemaphysalis genus known to occur in Rondônia State. 
It has a preference for deer but also parasitizes other mammals, including dogs (Labruna 
et  al. 2005b). Haemaphysalis juxtakochi is known to be associated to R. rhipicephali, 
which belongs to the SFG although its pathogenicity to humans and domestic animals is 
unknown (Labruna et al. 2005a).
The present study is the first to report the presence of A. pacae and A. ovale in Porto 
Velho municipality, Rondônia State. Amblyomma ovale is known to be a vector of R. park-
eri Atlantic rainforest strain, which is pathogenic to humans (Faccini-Martínez et al. 2018). 
Two cases of Spotted Fever in Porto Velho municipality have been reported to Datasus 
(2021); nevertheless, the Rickettsia spp. responsible for these human infections and tick 
vectors remain unknown. Moreover, no study has detected pathogenic Rickettsia in Ron-
dônia State until now.
A study conducted by Szabó et al. (2001) examined 140 dogs from Franca municipal-
ity in São Paulo State, and found that 27.5% of urban dogs were parasitized solely by R. 
sanguineus s.l. The same study found ticks on 36.8% of rural dogs; half of these dogs were 
parasitized by R. sanguineus s.l. (18.4%) whereas the other half were parasitized by A. 
cajennense s.l., Rhipicephalus microplus and A. ovale. More peri-urban dogs than rural 
dogs were parasitized by R. sanguineus s.l. in the present study. In the metropolitan region 
of Curitiba in Paraná State, a recent study of dogs from urban and rural areas found that 
57.7% of dogs were parasitized by R. sanguineus s.l., 38.5% were parasitized by A. aureo-
latum and 3.8% were parasitized by A. ovale (which was found only on rural dogs) (Silva 
et al. 2017). In the present study, A. ovale was found only on peri-urban dogs. In Espírito 
Santo State, another study found that 40.7% of rural and urban dogs were parasitized by 
R. sanguineus s.l., whereas 0.53% were parasitized by A. sculptum and 0.26% by A. ovale 
(Vieira et al. 2018).
In the present study, A. ovale was found on dogs from peri-urban areas. It is important 
to note that peri-urban environments in this study were similar to rural environments, in 
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that peri-urban dogs had free access to preserved forest fragments. Amblyomma ovale is 
commonly found on rural dogs because these dogs have accesses to environments that har-
bor wild animals, which are A. ovale’s primary hosts. Labruna et  al. (2005b) found that 
most dogs from urban and rural areas across Rondônia State were parasitized by A. ovale, 
which suggests that A. ovale may be the most common dog-parasitizing tick in some areas 
of Rondônia.
Amblyomma oblongoguttatum was collected only in rural environments (at distinct 
sites). In Uruará municipality, Pará State, Labruna et al. (2000) found that rural dogs were 
frequently exposed to A. oblongoguttatum and that this was the predominant dog-parasitiz-
ing tick in the North Region of Brazil. Dogs have been shown to be the primary hosts for 
the adult stage of A. oblongoguttatum under laboratory conditions (Martins et al. 2017). 
However, A. oblongoguttatum’s role in transmitting pathogenic agents to humans and 
domestic animals has not been studied, even though this species is known to be associated 
to R. amblyommatis (Aguirre et al. 2018).
Dogs were seropositivity to Rickettsia spp. but did not present Rickettsia DNA in blood 
samples. It is not necessary for the same animal to test positive to Rickettsia in both the 
IFA and PCR assays. In order to test positive by both methods, the animal needs to have 
been infected with Rickettsia spp. for some days, its plasma cells (transformed B lympho-
cytes) need to have started producing IgG, and Rickettsia needs to be circulating in the 
peripherical blood. In the case of this study, it is possible that all dogs that presented IgG 
anti-Rickettsia in the IFA acquired a Rickettsia infection some time ago, but at the moment 
of blood collection all dogs were healthy. Notwithstanding, this apparent absence could be 
explained by the low incidence of Rickettsia in dogs or by PCR’s low sensitivity to circu-
lating Rickettsia (Stenos et al. 2005). Some studies have shown that nested PCR may be a 
more effective means of detecting Rickettsia DNA because this form of PCR increases ana-
lytic sensitivity (Fournier and Raoult 2004; Choi et al. 2005; Sousa et al. 2005, Santibañez 
et al. 2013). Pathogenic Rickettsia grows in endothelial cells which suggests that molecular 
diagnosis would be more effective if it were applied to tissues or internal organs (Faccini-
Martínez et al. 2018).
The prevalence of anti-Ricketssia spp. antibodies in dog blood samples was 16.4% 
(28/171), which indicates that dogs have been exposed to Rickettsia spp. in Porto Velho 
municipality. Although 28 dog serum samples exhibited reactivity, only 20 samples had 
high enough titers to be considered homologous reactions: 15 for R. bellii (75%) and five 
for R. amblyommatis (25%). Two samples exhibited low titers so the Rickettsia spp. for 
these samples could not be determined. The other serum-reactive samples exhibited cross-
reaction with two or more Rickettsia spp. (Table 4). According to Brezina et  al. (1973), 
when cross-reaction occurs it is not possible to determine which Rickettsia sp. was respon-
sible for the reactions.
Nevertheless, Labruna et al. (2007) found that most dog serum-reactive samples tested 
by IFA exhibit reactivity to more than one Rickettsia spp., and that 11.6% (19/164) of rural 
dogs and 3.9% (6/153) of urban dogs were serum-reactive. In that study, the most preva-
lent reactions were to R. parkeri, R. rhipicephali and R. amblyommatis. The prevalence of 
serum-reactive animals was higher in the present study. In an area non-endemic for BSF 
in Espírito Santo State, 5.13% of examined dogs were found to be serum-reactive to Rick-
ettsia spp., and 1.6% of examined dogs exhibited reactivity to R. rickettsii antigens (Vieira 
et al. 2018). In a BSF-endemic area of Rio de Janeiro State, 28% of dogs were found to be 
serum-reactive to Rickettsia spp. (Cunha et al. 2014).
Horses are treated as sentinel hosts in BSF-endemic areas where the predominant vec-
tor is A. sculptum, because horses are this vector’s primary host and horses in these areas 
 Experimental and Applied Acarology
1 3
usually exhibit seroprevalence higher than 50% (57.1–90%). Dogs exhibit lower sero-
prevalence (8–66.7%) because they are only accidental hosts for A. sculptum (Sangioni 
et  al. 2005). Conversely, dogs are treated as sentinel hosts in BSF-endemic areas where 
A. aureolatum is the predominant vector, because dogs are this vector’s primary host and 
dogs exhibit seroprevalence higher than 60% in these areas (Pinter et al. 2008). An area 
is considered to be at high-risk for BSF transmission when 50% of the sentinel hosts are 
serum-reactive (Vieira et al. 2018). In the present study, 16.4% of dogs were serum-reac-
tive to Rickettsia spp. and the majority of homologous reactions were homologous to R. 
bellii (Table 4). Dog serum reactive to R. amblyommatis (which belongs to the SFG) was 
collected at four sites in this study: PU1 (6.7%), PU2 (6.3%), PU3 (12.5%) and R1 (6.7%). 
Dogs in the region have been found parasitized by the following tick species common to 
the Amazon: A. cajennense s.l., A. naponense, A. oblongoguttatum, A. ovale, A. pacae, 
A. scalpturatum, A. tigrinum and H. juxtakochi (Labruna et al. 2005b). This suggests that 
the seroprevalence of Rickettsia spp. has a unique profile in this region relative to BSF-
endemic regions, given that there have been two confirmed cases of BSF in the municipal-
ity, but no dogs tested positive for reactivity to R. rickettsii.
Dog serum samples exhibited reactivity to three SFG Rickettsia spp. (at titrations of 
1:64 to 1:1024): R. amblyommatis, R. parkeri and R. rhipicephali. Of these, only R. parkeri 
(Atlantic rainforest strain) is known to be pathogenic in Brazil (Szabó et al. 2013a). The 
pathogenicity of R. rhipicephali and R. amblyommatis remains unknown. However, there 
is serological and symptomatological evidence which suggests that humans can be infected 
by R. amblyommatis (Apperson et al. 2008; Delisle, et al. 2016).
In the IFA, serum from 10 dogs exhibited reactivity to R. amblyommatis, R. rhipi-
cephali and R. bellii in dogs parasitized by R. sanguineus s.l., A. oblongoguttatum and 
A. ovale. This does not prove that these ticks transmitted these rickettsial agents, but it 
does demonstrate that the dogs experienced simultaneous exposure to both. According 
to Labruna et al. (2005a), R. bellii is commonly found associated to the ticks A. ovale, 
A. oblongoguttatum and A. scalpturatum, whereas R. amblyommatis is associated to the 
ticks A. cajennense s.l. and s.s., A. coelebs and A. oblongoguttatum; and R. rhipicephali 
is associated to the tick H. juxtakochi (Labruna et al. 2004b; Aguirre et al. 2018). This 
study collected only free-living H. juxtakochi. In the present study, the sera of dogs par-
asitized only by R. sanguineus s.l. ticks exhibited reactivity to R. bellii, R. amblyoma-
tis and R. rhipicephali, whereas dogs parasitized by A. oblongoguttatum and A. ovale 
exhibited reactivity to R. bellii and R. amblyommatis, respectively. Once again, this does 
not prove that these ticks transmitted these rickettsial agents, but it does demonstrate 
simultaneous exposure.
This study is the first to demonstrate the prevalence of anti-Rickettsia antibodies in 
dog sera from Porto Velho, Rondônia State. The study was conducted in response to 
recent reports of BSF in the region (Datasus 2021). Dogs were screened for anti-Rickett-
sia antibodies because dogs experience high exposure to several tick species, and dogs 
live in close proximity to humans in the study region. Furthermore, dogs are considered 
suitable sentinels for monitoring Rickettsia spp. circulation in regions where A. sculp-
tum is not the predominant tick (Demma et al. 2005; Pinter et al. 2008).
For the majority of dog sera, antibody titers were low and thus taken to be evidence 
of mild or earlier infections. Given that rickettsial infection appears to be a longstanding 
condition among dogs in the region, studies should be conducted in other municipalities 
where human cases are confirmed or suspected, and these studies should aim to iden-
tify which Rickettsia spp. are responsible for the human cases. To this end, a retrospec-
tive study should be conducted to examine sera from humans with a history of acute 
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exanthematous febrile illness. Finally, horses and wild animals (such as capybaras, 
small rodents, marsupials, and wild carnivores) should be examined in order to form a 
complete picture of the epidemiological cycle of Rickettsia spp. in Rondônia State.
The presence of serum-reactive animals in the study region indicates that Rickettsia 
spp. (including SFG vectors) are present in Porto Velho municipality. It is still not pos-
sible to confirm which Rickettsia spp. were responsible for the human cases in Rondônia 
State, nor is it possible to confirm which tick species are acting as vectors in the region. 
Future studies will be needed to clarify the epidemiological cycle of Rickettsia spp. 
and assess the risk factors of BSF (and other possible tick-borne agents) in the Amazon 
region.
Acknowledgements We are grateful to Dr. Marcelo Labruna for providing us with the IFA glass blades 
containing the Rickettsia spp. antigens, and to Dr. Antônio Marques for helping with the map construction 
and statistical analysis. We would also like to thank the Instituto Nacional de Epidemiologia da Amazônia 
Ocidental INCT-EpiAmO and the funding agencies FAPERO, FUNDAPAM, CNPq and CAPES for helping 
to fund this study.
Funding This research was supported by Rondônia Foundation (FAPERO), Coordination for the Improve-
ment of Higher Education Personnelde Nível Superior (CAPES) and the National Council for Scientific and 
Technological Development (CNPq).
Data availability The authors declare that the data herein provide an accurate and transparent account of our 
research.
Declarations 
Conflict of interest The authors have no conflict of interest.
Ethical approval This study and its animal handling procedures were analyzed and approved by the Institu-
tional Animal Care and Use Committee under protocol number 2016/06 (CEUA/Fiocruz-RO).
Informed consent All dog owners gave consent for their dogs to participate in scientific research. The dog 
owners gave consent with the understanding that no personal information would be included in the published 
data.
References
Aguirre AAR, Garcia MV, Costa IN, Csordas BG, Rodrigues VS, Medeiros JF, Andreotti R (2018) New 
records of tick-associated spotted fever group Rickettsia in an Amazon-Savannah ecotone, Brazil. 
Ticks Tick Borne Dis 9:1038–1044. https:// doi. org/ 10. 1016/j. ttbdis. 2018. 03. 015
Aguirre AAR, Rodrigues VS, Costa IN, Garcia MV, Csordas BG, Andreotti R, Medeiros JF (2019) 
Amblyomma scalpturatum Neumann, 1906 (Acari: Ixodidae): confirmation in Acre State, Brazil, 
and description of parasitism in a human. Braz J Vet Parasitol 28:1–6. https:// doi. org/ 10. 1590/ 
S1984- 29612 019048
Anderson M (2001) A new method for non-parametric multivariate analysis of variance. Austral Ecol. 
https:// doi. org/ 10. 1111/j. 1442- 9993. 2001. 01070. pp.x
Anderson JF, Magnarelli LA (2008) Biology of ticks. Infect Dis Clin N Am 22:195–215. https:// doi. org/ 
10. 1016/j. idc. 2007. 12. 006
Anderson M, Walsh D (2013) PERMANOVA, ANOSIM, and the Mantel test in the face of heterogene-
ous dispersions: what null hypothesis are you testing? Ecol Monogr 83(4):557–574. https:// doi. org/ 
10. 1890/ 12- 2010
Apperson CS, Engber B, Nicholson WL, Mead DG, Engel J, Yabsley MJ, Dail K, Johnson J, Watson 
DW (2008) Tick-Borne diseases in North Carolina: is ‘Rickettsia amblyommii’ a possible cause of 
 Experimental and Applied Acarology
1 3
Rickettsiosis reported as Rocky Mountain Spotted Fever? Vector-Borne Zoonotic Dis 8:597–606. 
https:// doi. org/ 10. 1089/ vbz. 2007. 0271
Brezina R, Murray ES, Tarizzo ML, Bogel K (1973) Rickettsiae and rickettsial diseases. Bull World 
Health Organ 49:433–442
Burket CT, Vann CN, Pinger RR, Chatot CL (1998) Minimum infection rate of Ambylomma america-
num (Acari: Ixodidae) by Ehrlichia chaffeensis (Rickettsiales: Ehrlichieae) in Southern Indiana. J 
Med Entomol 35:653–659. https:// doi. org/ 10. 1093/ jmede nt/ 35.5. 653
Chao A, Gotelli NJ, Hsieh TC, Sander EL, Ma KH, Colwell RK et al (2014) Rarefaction and extrapola-
tion with hill numbers: a framework for sampling and estimation in species diversity studies. Ecol 
Monogr 84:45–67. https:// doi. org/ 10. 1890/ 13- 01331
Choi Y, Jang W, Kim J, Ryu J, Lee S, Paik H et al (2005) Spotted fever group and typhus group Rickett-
sioses in humans. South Korea 11:237–244. https:// doi. org/ 10. 3201/ eid11 02. 040603
Colle AC, Mendonça RFB, Maia MO et al (2020) Rickettsial survey and ticks infesting small mammals 
from the Amazon forest in midwestern Brazil. Syst Appl Acarol 25(1):78–91. https:// doi. org/ 10. 
11158/ saa. 25.1.6
Costa FB, Costa AP, Moraes-Filho J, Martins TF, Soares HS, Ramirez DG, Dias RA, Labruna MB 
(2017) Rickettsia amblyommatis infecting ticks and exposure of domestic dogs to Rickettsia spp. in 
an Amazon-Cerrado transition region of northeastern Brazil. PLoS ONE 12(6):e0179163. https:// 
doi. org/ 10. 1371/ journ al. pone. 01791 63
Cunha NC, Lemos ERS, Rozental T, Teixeira RC, Cordeiro MD, Lisbôa RS et al (2014) Rickettsiae of 
the spotted fever group in dogs, horses and ticks: an epidemiological study in an endemic region of 
the State of Rio de Janeiro Brazil. Braz J Vet Parasitol 36(3):294–300
Dantas-Torres F, Martins TF, Muñoz-Leal S, Onofrio VC, Barros-Battesti DM (2019) Ticks (Ixodida: 
Argasidae, Ixodidae) of Brazil: updated species checklist and taxonomic keys. Ticks Tick-borne Dis 
10(6):101252. https:// doi. org/ 10. 1016/j. ttbdis. 2019. 06. 012
Datasus (2021) Sistema de Informação de Agravos de Notificação. Febre Maculosa. Portal Ministério da 
Saúde. http:// tabnet. datas us. gov. br/ cgi/ defto htm. exe? sinan net/ cnv/ febre macul osaro. def. Accessed 
Jan 2021
Delisle J, Mendell NL, Stull-Lane A, Bloch KC, Bouyer DH, Moncayo AC (2016) Human infections by 
multiple spotted fever group Rickettsiae in Tennessee. Am J Trop Med Hyg 94:1212–1217. https:// 
doi. org/ 10. 4269/ ajtmh. 15- 0372
Demma LJ, Traeger MS, Nicholson WL, Paddock CD, Blau DM, Eremeeva ME et  al (2005) Rocky 
Mountain Spotted Fever from an unexpected tick vector in Arizona. N Engl J Med 353:587–594. 
https:// doi. org/ 10. 1056/ NEJMo a0500 43
Estrada-Peña A, Jongejan F (1999) Ticks feeding on humans: a review of records on human-biting Ixo-
doidea with special reference to pathogen transmission. Exp Appl Acarol 23:685–715. https:// doi. 
org/ 10. 1023/A: 10062 41108 739
Faccini-Martínez ÁA, Oliveira SV, Junior CC, Labruna MB (2018) Febre Maculosa por Rickettsia park-
eri no Brasil: condutas de vigilância epidemiológica e tratamento. J Health Biol Sci 6:299–312
Fournier P, Raoult D (2004) Suicide PCR on skin biopsy specimens for diagnosis of Rickettsioses. J Clin 
Microbiol 42:3428–3434. https:// doi. org/ 10. 1128/ JCM. 42.8. 3428
Grasperge BJ, Wolfson W, Macaluso KR (2012) Rickettsia parkeri infection in domestic dogs, Southern 
Louisiana, USA, 2011. Emerg Infect Dis 18:995–997. https:// doi. org/ 10. 3201/ eid18 06. 120165
Hsieh TC, Ma KH, Chao A (2016) iNEXT: an R package for rarefaction and extrapolation of species diver-
sity (Hill numbers). Methods Ecol Evol 7:1451–1456. https:// doi. org/ 10. 1111/ 2041- 210X. 12613
IBGE (2012) Manual Técnico da Vegetação Brasileira, 2 IBGE, Rio de Janeiro
Instituto Brasileiro de Geografia e Estatística. IBGE. Cidades e Estados, Porto Velho (2018).
Köppen W, Geiger R, Erde der K (1928) Wall-map 150cmx200cm
Labruna MB (2009) Ecology of Rickettsia in South America. Ann N Y Acad Sci 1166:156–166. https:// doi. 
org/ 10. 1111/j. 1749- 6632. 2009. 04516.x
Labruna MB, Homem VSF, Heinemann MB, Neto JSF (2000) Ticks (Acari: Ixodidae) associated with rural 
dogs in Uruará, eastern Amazon, Brazil. J Med Entomol 37:774–776. https:// doi. org/ 10. 1603/ 0022- 
2585- 37.5. 774
Labruna MB, McBride JW, Bouyer DH, Camargo LM, Camargo EP, Walker DH (2004a) Molecular evi-
dence for a spotted fever group Rickettsia species in the tick Amblyomma longirostre in Brazil. J Med 
Entomol 41:533–537. https:// doi. org/ 10. 1603/ 0022- 2585- 41.3. 533
Labruna MB, Whitworth T, Bouyer DH, Camargo LMA, Camargo EP, Popov V, Walker DH (2004b) Rick-
ettsia bellii and Rickettsia amblyommii in Amblyomma ticks from the State of Rondônia, western Ama-
zon, Brazil. J Med Entomol 41:1073–1081. https:// doi. org/ 10. 1603/ 0022- 2585- 41.6. 1073
Experimental and Applied Acarology 
1 3
Labruna MB, Whitworth T, Horta MC, Bouyer DH, McBride JW, Pinter A, Popov V, Gennari SM, Walker 
DH (2004c) Rickettsia species infecting Amblyomma cooperi ticks from an area in the state of São 
Paulo, Brazil, where Brazilian spotted fever is endemic. J Clin Microbiol 42:90–98. https:// doi. org/ 10. 
1128/ JCM. 42.1. 90- 98. 2004
Labruna MB, Camargo LMA, Camargo EP, Walker DH (2005a) Detection of a spotted fever group Rickett-
sia in the tick Haemaphysalis juxtakochi in Rondonia Brazil. Vet Parasitol 127:169–174. https:// doi. 
org/ 10. 1016/j. vetpar. 2004. 09. 024
Labruna MB, Camargo LMA, Terrassini FA, Ferreira F, Schumaker TTS, Camargo EP (2005b) Ticks 
(Acari: Ixodidae) from the state of Rondônia, western Amazon, Brazil. Syst Appl Acarol 10:17–32. 
https:// doi. org/ 10. 11158/ saa. 10.1.4
Labruna MB, Keirans JE, Camargo LMA, Ribeiro AF, Soares RM, Camargo EP (2005c) Amblyomma 
latepunctatum, a valid tick species (Acari: Ixodidae) long misidentified with both Amblyomma incisum 
and Amblyomma scalpturatum. J Parasitol 91:527–541. https:// doi. org/ 10. 1645/ GE- 446R
Labruna MB, Horta MC, Aguiar DM, Cavalcante GT, Pinter A, Gennari SM, Camargo LMA (2007) Preva-
lence of Rickettsia infection in dogs from the urban and rural areas of Monte Negro Municipality, 
western Amazon, Brazil. Vector-Borne Zoonotic Dis 7:249–255. https:// doi. org/ 10. 1089/ vbz. 2006. 
0621
Lado P, Costa FB, Verdes JM, Labruna MB, Venzal JM (2015) Seroepidemiological survey of Rickettsia 
spp. in dogs from the endemic area of Rickettsia parkeri rickettsiosis in Uruguay. Acta Trop 146:7–10. 
https:// doi. org/ 10. 1016/j. actat ropica. 2015. 02. 014
Lemos ERS, Melles HHB, Colombo S, Machado RD, Coura JR, Guimarães MAA, Sanseverino SR, Moura 
A (1996) Primary isolation of spotted fever group rickettsiae from Amblyomma cooperi collected from 
Hydrochaeris hydrochaeris in Brazil. Mem Inst Oswaldo Cruz 91:273–275. https:// doi. org/ 10. 1590/ 
S0074- 02761 99600 03000 03
Lima MA, Martins TF, Munoz-Leal S, Guilherme E, Ogrzewalka M, Labruna MB (2018) Ticks and tick-
associated spotted fever group Rickettsia from birds in the Southwestern Brazilian Amazon. Rev 
Colomb Ciencias Pecu. 31:26–35. https:// doi. org/ 10. 17533/ udea. rccp. v31n1 a04
Margolis AL, Esch GW, Holmes JC, Kuris AM, Schad GA, Margolis L, Esch GW, Holmes JC, Kuris AM, 
Schad GA, Holmes J, Kuris A, Chairman LM (1982) The use of ecological terms in Parasitology 
(Report of an Ad Hoc Committee of the American Society of Parasitologists). J Parasitol 68:131–133. 
https:// doi. org/ 10. 2307/ 32813 35
Martins TF, Onofrio VC, Barros-Battesti DM, Labruna MB (2010) Nymphs of the genus Amblyomma 
(Acari: Ixodidae) of Brazil: descriptions, redescriptions, and identification key. Ticks Tick Borne Dis 
1:75–99. https:// doi. org/ 10. 1016/j. ttbdis. 2010. 03. 002
Martins TF, Venzal JM, Terassini FA, Costa FB, Marcili A, Camargo LMA, Barros-Battesti DM, Labruna 
MB (2014) New tick records from the state of Rondônia, Western Amazon, Brazil. Exp Appl Acarol 
62:121–128. https:// doi. org/ 10. 1007/ s10493- 013- 9724-4
Martins TF, Luz HR, Faccini JLH, Labruna MB (2017) Life-cycle of Amblyomma oblongoguttatum 
(Acari: Ixodidae) under laboratory conditions. Exp Appl Acarol 71:415–424. https:// doi. org/ 10. 1007/ 
s10493- 017- 0135-9
Moraes-Filho J, Pinter A, Pacheco RC, Gutmann TB, Barbosa SO, Gonzáles MARM, Muraro MA, Cecílio 
SRM, Labruna MB (2009) New epidemiological data on Brazilian spotted fever in an endemic area of 
the state of São Paulo, Brazil. Vector-Borne Zoonotic Dis 9:73–78. https:// doi. org/ 10. 1089/ vbz. 2007. 
0227
Oliveira PR, Borges LMF, LopesLeite LCMRC (2000) Population dynamics of the free-living stages of 
Amblyomma cajennense (Fabricius, 1787) (Acari: Ixodidae) on pastures of Pedro Leopoldo Minas 
Gerais State, Brazil. J Vet Parasitol 92:295–301. https:// doi. org/ 10. 1016/ S0304- 4017(00) 00322-8
Oliveira SV, Guimarães JN, Reckziegel GC, Neves BMC, Araújo-Vilges KM, Fonseca LX et al (2016) 
An update on the epidemiological situation of spotted fever in Brazil. J Venom Anim Toxins Incl 
Trop Dis 22:1–8. https:// doi. org/ 10. 1186/ s40409- 016- 0077-4
Onofrio VC, Labruna MB, Pinter A, Giacomin FG, Barros-Battesti DM (2006) Comentários e chaves 
para as espécies do gênero Amblyomma. In: Barros-Battesti DM, Arzua M, Bechara GH (Orgs.) 
Carrapatos de importância médico-veterinária da região Neotropical: Um guia ilustrado para iden-
tificação de espécies. Vox/ International Consortium on Ticks and Tick-borne Diseases (ICTTD-3), 
São Paulo, p 53–113
Onofrio VC, Arzua M, Labruna MB, Faccini JLH, Barros-Battesti DM (2010) First record of Ambly-
omma scalpturatum Neumann (Acari: Ixodidae) in the states of Paraná and Roraima, Brazil. Neo-
trop Entomol 39:451–453. https:// doi. org/ 10. 1590/ S1519- 566X2 01000 03000 23
 Experimental and Applied Acarology
1 3
Pereira MC, Szabó MPJ, Bechara GH, Matushima ER, Duarte JMB, Rechav Y, Fielden L, Keirans JE 
(2000) Ticks (Acari: Ixodidae) Associated with wild animals in the Pantanal region of Brazil. J 
Med Entomol 37:979–983. https:// doi. org/ 10. 1603/ 0022- 2585- 37.6. 979
Pinter A, Horta MC, Pacheco RC, Moraes-Filho J, Labruna MB (2008) Serosurvey of Rickettsia spp. in 
dogs and humans from an endemic area for Brazilian spotted fever in the State of São Paulo, Brazil. 
Cad Saude Publica 24:247–252. https:// doi. org/ 10. 1590/ s0102- 311x2 00800 02000 03
Piranda EM, Faccini JLH, Pinter A et al (2008) Experimental infection of dogs with a Brazilian strain 
of Rickettsia rickettsii: clinical and laboratory findings. Mem Inst Oswaldo Cruz 103(7):696–701. 
https:// doi. org/ 10. 1590/ S0074- 02762 00800 07000 12
Piranda EM, Faccini JLH, Pinter A et  al (2011) Experimental infection of Rhipicephalus sanguineus 
ticks with the bacterium Rickettsia rickettsii, using experimentally infected dogs. Vector Borne 
Zoonotic Dis 11:29–36. https:// doi. org/ 10. 1089/ vbz. 2009. 0250
Sanger F, Nicklen S, Coulson AR (1977) DNA sequencing with chain-terminating inhibitors. Proc Natl 
Acad Sci 74:5463–5467. https:// doi. org/ 10. 1073/ pnas. 74. 12. 5463
Sangioni LA, Horta MC, Vianna MCB, Gennari SM, Soares RM, Galvão MAM et al (2005) Rickettsial 
infection in animals and Brazilian spotted fever endemicity. Emerg Infect Dis 11:265–270. https:// 
doi. org/ 10. 3201/ eid11 02. 040656
Santibánez S, Portillo A, Santibánez P, Palomar AM, Oteo JA (2013) Usefulness of rickettsial PCR 
assays for the molecular diagnosis of human rickettsioses. Enferm Infecc Microbiol Clin 31:283–
288. https:// doi. org/ 10. 1016/j. eimc. 2012. 08. 001
Silva TKS, Blanco CM, Lemos ERS, Ogrzewalska M (2016) Notes on parasitism and screening for 
microorganism of ticks Amblyomma (Acari: Ixodidae), Amazon, Brazil. J Braz Soc Virol 21:41–44. 
https:// doi. org/ 10. 17525/ vrrjo urnal. v21i2. 277
Silva BR, Garcia MV, Rodrigues VS, Andreotti R, Dittrich RL (2017) Ixodidae fauna of domestic dogs 
in Parana, Southern Brazil. Braz J Vet Parasitol 26:375–377. https:// doi. org/ 10. 1590/ S1984- 29612 
017021
Sousa R, Ismail N, Dória-Nóbrega S, Costa P, Abreu T, França A et al (2005) The presence of eschars, 
but not greater severity, in Portuguese patients infected with Israeli spotted fever. Ann N Y Acad 
Sci 1063:197–202. https:// doi. org/ 10. 1196/ annals. 1355. 032
Stenos J, Graves SR, Unsworth NB (2005) A highly sensitive and specific real-time pcr assay for the 
detection of spotted fever and typhus group Rickettsiae. Am J Trop Med Hyg 73:1083–1085. 
https:// doi. org/ 10. 4269/ ajtmh. 2005. 73. 1083
Szabó MPJ, Cunha TM, Pinter A, Vicentini F (2001) Ticks (Acari: Ixodidae) associated with domestic 
dogs in Franca region, São Paulo, Brazil. Exp Appl Acarol 25:909–916. https:// doi. org/ 10. 1023/A: 
10204 33003 028
Szabó J, Pinter A, Labruna MB (2013b) Ecology, biology and distribution of spotted-fever tick vectors 
in Brazil. Front Cell Infect Microbiol 3:1–9. https:// doi. org/ 10. 3389/ fcimb. 2013. 00027
Szabó MPJ, Nieri-Bastos SMG, Martins TF, Barbieri AM, Labruna MB (2013a) In vitro isolation from 
Amblyomma ovale (Acari: Ixodidae) and ecological aspects of the Atlantic rainforest Rickettsia, the 
causative agent of a novel spotted fever rickettsiosis in Brazil. Parasitology 140:719–728. https:// 
doi. org/ 10. 1017/ S0031 18201 20020 65
Ueno TEH, Costa FB, Moraes-Filho J, Agostinho WC, Fernandes WR, Labruna MB (2016) Experi-
mental infection of horses with Rickettsia rickettsii. Parasite Vectors 9:499. https:// doi. org/ 10. 1186/ 
s13071- 016- 1784-y
Vieira FT, Acosta ICL, Martins TF, Filho JM, Krawczak FS, Barbieri ARM et al (2018) Tick-borne infec-
tions in dogs and horses in the state of Espírito Santo, Southeast Brazil. Vet Parasitol 249:43–48. 
https:// doi. org/ 10. 1016/j. vetpar. 2017. 11. 005
Wickham H (2017) Tidyverse: easily install and load the ’Tidyverse’. R package version 1.2.1. https:// 
CRAN.R- proje ct. org/ packa ge= tidyv erse
Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.
Experimental and Applied Acarology 
1 3
Authors and Affiliations
Ivaneide Nunes da Costa1,2 · André de Abreu Rangel Aguirre3  · 
Paula Frassinetti Medeiros de Paulo1  · Moreno Magalhães de Souza Rodrigues4  · 
Vinícius da Silva Rodrigues5  · Adriane Suzin5  · Matías Pablo Juan Szabó5  · 
Renato Andreotti6  · Jansen Fernandes Medeiros1  · Marcos Valério Garcia7 
1 Laboratório de Entomologia, Fiocruz Rondônia, Fundação Oswaldo Cruz, Porto Velho, RO, Brazil
2 Programa de Pós-Graduação em Biologia Experimental, Universidade Federal de Rondônia, 
Porto Velho, RO, Brazil
3 Plataforma de Criação e Experimentação Animal, Fiocruz Rondônia, Fundação Oswaldo Cruz, 
Porto Velho, RO, Brazil
4 Laboratório de Análise e Visualização de Dados, Fiocruz Rondônia, Fundação Oswaldo Cruz, 
Porto Velho, RO, Brazil
5 Programa de Pós-Graduação em Imunologia e Parasitologia Aplicadas-Universidade Federal de 
Uberlândia, Uberlândia, Minas Gerais, Brazil
6 Laboratórios de Biologia e Biologia Molecular do Carrapato, Embrapa Gado de Corte, 
Campo Grande, Mato Grosso do Sul, Brazil
7 Bolsista Fundapam/Laboratório de Biologia do Carrapato, Embrapa Gado de Corte, 
Campo Grande, MS, Brazil
